Farms less than 2 hectares have constituted almost 90% of the total number of farms in Ethiopia. These small farms are rain fed and are vulnerable to climate change and variability extremes such as droughts. This in turn undermined the ability of smallholders' farmers to feed themselves and the growing population. A questionnaire survey was conducted with a random sample of 355 smallholder farmers distributed in three agro-ecologies, namely, lowland, midland, and highland in central rift valley of Ethiopia (Arsi Negele district). This was supplemented with 18 focus group discussions and 30 key informant interviews. How do smallholder farmers live with climate change and variability challenges? On the basis of this question, this study has assessed the factors that determine the adaptive capacities, strategies and livelihoods of smallholders to climate change and variability; and the role of climate capacities and landscape functions for sustainable adaptation in response to climate change and variability. The results showed that even if most respondents (>95%) have the perception and intention of climate change; it was nearly 3% of them have higher adaptive capacity to adapt to climate change impacts. Adaptive capacity of smallholders and the potential impact exerted by climate change risks were negatively correlated (r = −0.134 and p < 0.02). The results showed that farmers have made some evolution in their livelihoods as an adaptation strategy. Adaptation strategies explicitly depend on adaptive capacity-human, natural, financial, social and physical resources. Indeed, the results indicated limited climate-specific and climate-relevant capacities at the local level which suggests a need to strengthen climate capacities. Moreover, it has been implicated that maintaining the landscapes, which provide landscape production functions that build the well-being and adaptive capacity of farmers, could help to sustain farmers' livelihood and build their adaptive capacity to withstand the challenges of climate change.
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Introduction
Ethiopia is an agrarian country at which most of its agriculture is practiced by smallholder farmers to feed the population. This practice is particularly vulnerable to climate change and variability extremes such as droughts [1] . Climate change is undermining the ability of smallholder farmers to feed themselves by welfare losses. Farmers have accustomed to modifying their agricultural practices to deal with climate change and variability impacts [2] [3] . However, these farmers' practices have been overlooked from policy and extension [4] rather than integrating them with modern agricultural practices in order to bring more robust adaptation against the impact of climate change and variability [5] [6] .
Climate change is a development issue for Ethiopia and as a result the country has set climate resilient green economy strategy to meet its goal of becoming a middle-income country by 2025 [7] .
To lessen the impacts of climate change and variability extremes, smallholder farmers need to have the recognition of climate change that is already taking place and undertake appropriate intervention in adaptation in order to live with the changes. A portfolio of adaptation strategies alone without the amalgamation of technological development and research, combined policies and actions at multiple scales, and integrated governance between public, private and civic institutions cannot withstand risks of climate change [8] [9] . Smallholders, as the name indicates, are farmers who lead their livelihood on small farms. These farms, when summed up, accounted for more than 80% of the world's total farms [10] . In Ethiopia, where farms smaller than 2 hectares constitute almost 90% of the total number of farms [11] , small farms are very fragmented and are mostly rain-fed. The land ownership distribution in Ethiopia ranged from 0.12 ha for the bottom quartile to 2.53 ha for the top quartile with respective productivity distribution of USD 3.13-444.01 [12] . This was very small as compared to other African countries. A knock on impact of changes in extreme weather events on crop and animal productivity, food security, income and overall well-being combined with the low affluence of smallholder farmers to adapt to an impact has made them more vulnerable. To curb the impacts of climate change and variability that smallholder farmers face, Ethiopia should design an adaptation policy that overlies with the principles of sustainable adaptation [13] [14] (Figure 1 ). This, with capable institutions, could provide stable conditions and support for making the livelihood assets of smallholder farmers more resilient to climate change [15] [16] . However, there was imbalance of credence between mitigation and adaptation at the COPs meetings until Lima 2014 by giving more weight to mitigation. This international inclination also influences individual nation's climate change policy to incline towards the same path [17] . And this national action has similar impact when devolved to local levels. Smallholder farmers' livelihood has been triggered by land degradation [17] [18] [19] [20], deforestation [21] and loss of biodiversity [22] . This requires an integrated farming landscape management and an ecosystem based adaptation approaches to enhance smallholders' resilience to climate change and variability impacts.
There are studies in Ethiopia that have dealt on the determinants of adaptation choice of smallholder farmers [23] - [28] . There were also government initiatives such as the Growth and Transformation Plans I and II and the Climate Resilient Green Economy strategy of Ethiopia which aimed to boost smallholder farmers' production and making agriculture green [29] . Indeed, landscape functions and the variation across agro-ecologies, existing interventions and their role in climate change adaptation and mitigation, and their sustainability from institutional, economic and environmental perspectives to enhance smallholder farmers' livelihoods is not well documented. This particular study, however, was aimed at to assess the determinants of adaptive capacity of smallholder farmers which also determine the choice of an adaptation strategy by smallholder farmers. It also aimed at how landscape functions and climate capacities are influencing the adaptive capacity of farmers.
Material and Methods

The Study Area
The study was conducted in Arsi-Negele district which is located in West Arsi zone of the Oromia Regional State, Ethiopia. The district is located between 7.15˚N -7.75˚N latitudes and 38.35˚E -38.95˚E longitudes. The district's average annual temperature varied from 10˚C -25˚C, while annual rainfall varied between 500 -1000 mm. The altitude of Arsi Negele district ranges from 1500 to 3000 meters above sea level. The topography encompasses the three lakes, namely, Langano, Shalla and Abijata in the central rift valley floor and extended to the eastern escarpment of the rift valley ( Figure 2 ).
Household survey: A questionnaire survey was conducted with a random sample of 355 smallholder households distributed in three agro-ecologies, namely, lowland (n = 104), midland (n = 103), and highland (n = 148) in Arsi Negele district, central rift valley of Ethiopia. The interviews were designed in semi-structured and structured forms and were translated into local language-Afan Oromo.
Focus group discussion: Three groups per kebele, at which each group consists of 8 -10 peoples, were formed. The members of a group were selected purposely and were made to include women, elders and youth in order to obtain accumulated knowledge and views across these social groups. 
Data Analysis
Descriptive and econometric data analysis methods were used. Descriptive methods were used in the expression of household incomes, opinions of farmers in adaptation process and livelihoods evolution as well as adaptation strategies. The existing interventions in the landscape functions and benefits of landscape components were described qualitatively in the form of tables and diagrams. An 
where: Y is the dependent variable (adaptive capacity); β 0 is the constant or the intercept of Y; β 1 , β 2 ··· β n are regression coefficients to be estimated; X 1 , X 2 ···X n are the independent variables (determinants of adaptive capacity); P is the predicted probability of having a medium or higher adaptive capacity by a household for a particular determinant of adaptive capacity with the reference category of lower adaptive capacity; 1 − P is the predicted probability of not having a medium or higher adaptive capacity by a household for a particular determinant of adaptive capacity with the reference category of lower adaptive capacity; (P/1 − P) is the odds ratio; 1, 2, 3, ···n is number of observations; and ε i is error term of the i th household. In addition to the MNLR analysis, binary logistic regression was used to determine the odd ratios of farmers' opinions in climate-relevant and climate-specific capacities at local level.
Results
Adaptation Process and Adaptive Capacity
Most of the respondent farmers in the study district, in all agro-ecologies, have percieved the rality of climate change and variability. More than 95% of the res- The results showed that adaptive capacity modulates farmers' vulnerability to climatic and environmental risks by lowering the potential impacts exerted by exposure and sensitivity. The impact score difference between potential impact (impact without adaptation) and residual impact (impact with adaptation) was the impact avoided by adaptation ( Figure 4 ). Adaptive capacity of households and the potential impact exerted by climatic and environmental risks were negatively correlated (r = −0.134 and p < 0.02). That is, households with higher adaptive capacity were less impacted than those with low adaptive capacity. When the potential impact was higher, the residual impact was also higher (r 2 = 0.99 and p < 0.001).
Adaptation Strategies
Focus groups discussants and key informants explained that the 2015 El Niño event (extreme drought) has severely hit farmers' livelihood. It has caused death of crops before maturity, lead farmers to have low crop production, and at the same time it has caused death of livestock thereby farmers get low revenue and become more vulnerable to drought shocks. This was exacerbated by the lower scope of irrigation use by the farmers. The data sourced from the agriculture bureau of the district also showed that the production of major crops have been (Table 1) .
Livelihood Evolutions and Drivers
Before thirty years ago, the opinions from focus group discussions, key informant interviews and household survey suggested that, households' main activity in the lowland agro-ecology was livestock rearing with local breeds. In the midland and highland, the main livelihood activity was mixed farming, which was also based on local livestock breeds and varieties of crops. In recent times, however, households in the lowland have become agro-pastoralist; even crop cultivation is going to dominate livestock rearing. In the midland and highland, food 
Determinants of Adaptive Capacity
As the results in Section 3.2 showed, farmers might have several adaptation strategies, but these strategies are explicitly depends on adaptive capacity. Say tree planting for example, depends on factors of adaptive capacity determinants, such as tenure security, access to land and finance. The adaptive capacities of households have been determined by human, natural, financial, social and physical resources, depending on the context of a particular agro-ecology (Table 2) . On average, among the five domains of adaptive capacity indicators, human resource has contributed the highest share (47.33%) to households' adaptive capacity, with the sub-indicators age of household head, farming experience and educational level of household head have contributed 9.31%, 10.35% and 10.2%, respectively. The second highest contributor to households' adaptive capacity was the natural resource domain (34.46%), by which the sub-indicators farm size and farm land soil fertility accounted 9.13% and 10.24%, respectively. The F-test showed that there is no statistically significant difference in the contribution of the resource domains to households' adaptive capacity between agro-ecologies (p > 0.05), while the correlation is highly significant (r 2 = 0.99, p < 0.001).
The Econometric analysis of MNLR showed the likelihood ratio chi-square of 231.821 with a p-value < 0.001. This shows that the model as a whole fits significantly better than a model with no predictions. In our model, the goodness-of-fit table also shows a non-significant p-value of 0.921 (p < 0.05), indicating the model fits the data well with 69.7% correct predictions. The model has displayed the parameter estimates (Table 3) , and some of the estimates are interpreted as follows.
Age-A unit increase in the variable age was associated with a 0.09 decrease in the relative log odds of being in higher adaptive capacity vs. lower adaptive capacity, and a 0.045 increase of being in medium adaptive capacity vs. lower adaptive capacity. The relative risk ratio for a unit increase in the variable age was 0.914 for being in higher adaptive capacity vs. lower adaptive capacity, and was 1.046 for being in medium adaptive capacity vs. lower adaptive capacity. Gender-The relative log odds of being in higher adaptive capacity vs. lower adaptive capacity will increase by 1.024, of being a MHH [gender = 1.00] than of Access to market-The relative log odds of being in higher adaptive capacity vs. lower adaptive capacity will decrease by 0.758 if a household has access to market [Market = 1.00] than a household that has not access to market [Market = 0.00], and will decrease by 0.358 of being in medium adaptive capacity vs.
lower adaptive capacity. The relative risk ratio for a household that has not access to market was 0.531 for being in higher adaptive capacity vs. lower adaptive capacity, and was 0.671 for being in medium adaptive capacity vs. lower adaptive capacity.
Climate-Specific and Relevant Capacities
Focus group discussants have affirmed that there were limited climate-specific capacities at local level (odds ratio = 0.335), by which climate change adaptation initiatives are looked as side activity to other development program of the government. This type of development was perceived by farmers as it is not rapid, inclusive, and climate informed and will descend climate capacities. Focus group discussants also associated the lower climate capacities with the decline in average annual precipitation and increase of annual average temperature and frequency of weather events above or below the thresholds. In addition, they stated that decline in primary productivity (e. were associated with lower odds of outcome (Table 4) . 
Landscape Functions for Climate Change Adaptation
The results have shown that 90% of the income (subsistence + cash) for a household came from livestock (43.7%), crop cultivation (34.3%) and forest products (12%). Nearly 60% of the forest income came from trees outside forests. It has been found that the Gini indices of forest and farm incomes were 0.6658 and 0.4717, respectively. That mean, forest income distribution between households deviated by 66.58% from perfect equality, and farm income distribution deviated by 47.17% from perfect equality ( Figure 6 ). Forest income distribution showed 19.41% higher deviation from perfect equality than farm income. for those who settled at 4 < D ≤ 8 km from a forest (Table 5) . On the other hand, agriculture provided an average monetary value of birr 40,454 (USD 1926.4) and 56,960 (USD 2712.4) for those respective distances of the same households. From FGDs and key informant interviews, it was understood that farmers that were settled nearer to a forest have extensive knowledge of the forest's content and gave high value to the forest so that making less deforestation pressure, while agricultural colonizers to forest have narrow knowledge of the forest's content but extensive knowledge of agriculture, and have created high deforestation pressure leading greater modifications in the forest matrix. These different values and interests affect adaptation outcomes of a household (Table   5 ). In this case, deforestation has a higher negative adaptation outcome for long-settled households at the forest edge than those far away.
Respondents have expressed that households near the forest edge are less im- For instance, in the lowland agro-ecology, a landscape has higher relevance for livestock husbandry and conservation functions; in the midland, for crop farming function, and in the highland, for crop farming and conservation functions.
The productivity and sustainability of each function will be determined by how each component of the landscape is managed properly.
The results have shown that the sustainability of most of the interventions in the landscapes of the study sites was less likely, and would lead to maladaptation in the long-run (Table 6 ). Because the outcomes of these interventions in sustaining ecosystem services, improve livelihoods, enhance production and efficient resource use were low to medium levels. Besides, 68% of the respondents claimed that there was limited institutional integration towards adaptation planning and implementation.
Discussions
The study showed that different factors from each of the five capitals were found to determine the adaptive capacity of smallholder farmers which also determine the choice of an adaptation strategy by smallholder farmers which varied across Z. Mekonnen, H. Kassa and nature adapted management that integrate landscape planning approach which could be locally adapted, much focused to nature and people. The study has identified different factors that affect adaptive capacity of smallholder farmers in the study area. The relative log odds of a household of being in higher adaptive capacity vs. lower adaptive capacity, and medium adaptive capacity vs. lower adaptive capacity have come out with (+) or (−) signs of different magnitudes. Also, the relative risk ratio for a household for a specific factor has come out with different risk magnitudes. The study showed that there were limited climate-specific (odds ratio = 0.34) and climate-relevant (odds ratio = 0.12) capacities in the study area. As shown in this study and others [43] , climate-specific capacity can be steamed from, for instance, level of co-operations among organizations on climate change issues, ability of mainstreaming climate change issues into policy-making, and community knowledge about climate change. On the other hand, compatibility of development and climate change objectives of the government, integration of public practices and policy, and community attitude toward environmental protection are examples of climate-relevant capacity. Intervention in the landscape such as proper forest, agricultural, soil and water management and initiatives in alternative livelihoods, energy and good governance have double benefits in building adaptive capacity of smallholder farmers and resilience of the agro-ecology. This is in parallel to the study by Munthali and Murayama [44] that indicated the interdependences between smallholder farming and environmental management. Farmers responded that institutional integration, collective action and improvement of the declining resources conditions in the landscapes could help to bring higher odds of outcomes in climate-specific and climate-relevant capacities, and enable to build the resilience and adaptive capacity of farmers.
Ninety percent of the income for households in the study area was come from landscape production functions. Managing the landscapes, as this study showed, has dual benefits ( Table 7) . The study by Driscoll et al. [45] described that in extensively modified landscapes, how the landscape matrix is managed determines many conservation outcomes. On one hand, it helps to maintain and enhance ecosystem services such as water and soil protection and biodiversity as well as goods to sustain livelihood. On the other hand, it contributes to climate change adaptation by increasing productivity of landscapes, enhancing the resilience of agro-ecosystems, and reducing the vulnerability of rural communities [7] [46] [47] . These entail that appropriate landscape management is key adaptation measure [48] . The issues of food security, climate change adaptation and sustainable development all revolve around a sustainable management of landscapes [49] and hence community's resilience to climate change impacts.
Climate-smart landscape interventions as showed by this study, which encompasses climate-smart practices at the field and farm scale; management of land use interactions at landscape scale to achieve social, economic and ecological impacts; and diversity of land use across the landscape to provide resilience, could have the co-benefits of resource and impact decoupling by increasing productivity and as the same time curbs GHG emissions [50] [51] .
The results of this study showed that key policy and institutional issues to be considered for sustainable adaptation are weakly realized or inexistent at local level despite that effective and efficient policy and institutional integration could result in sustainable adaptation [52] [53] . In total, the availability and use of the five capitals, taking action collectively or individually, the strengths or weakness of climate-specific and climate-relevant capacities, awareness of the adaptation process, the types of adaptation options undertook, the livelihood evolution undertook by farmers, and how landscape production functions are managed could determine the overall adaptive capacity of farmers.
Conclusion
The general well-being and adaptive capacity of farmers to the prevailing climate change and variability impacts in the study area were mainly determined by the human, natural, financial, social and physical resources and how well they are looked and accessed. These resources vary across agro-ecologies. The results showed that enhancing the adaptive capacity of farmers can modulate farmers' vulnerability to climate change risks by lowering the potential impacts. To come out with tangible solutions, adaptation intervention should pass through the process of farmers' perception of climate change, their intention towards the change and their capacity to adapt the change. Indeed, climate change impacts are determined by adaptive capacity of a household to implement different adaptation strategies as the change required. This in return requires effective and efficient climate-specific and climate-relevant capacities, including boundless institutional integration. In addition, most of the income sources for a household in the study area were derived from landscape functions. This makes the management of these functions more important. Farmers have differing values for forest and agriculture in a landscape which affects adaptation outcomes. This study reminds that agricultural, forest, environmental and climate change policies should reinforce the rights of smallholders, especially of those most marginalized, to access key resources provided by landscapes functions. At the same time, development programs which pledge the sustainable use of landscapes should simultaneously enhance food security and increase smallholders' adaptive capacity in the face of climate change and variability. In order to build the adaptive capacity of households to climate change impacts as this study showed, there is a need to follow principles of ecosystem-based adaptation which is sustainable, build climate specific and relevant capacities, and enhance the availability and use of the capital resources in adaptation planning and implementation.
